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A rapid, sensitive and speciﬁc conventional triplex PCR for the detection of Toxoplasma gondii was devel-
oped using two new sets of primers from B1 gene and ITS1 region of T. gondii; and Vibrio cholerae HemM
gene as an internal control. The newly developed assay based on set 2 primers was found to be speciﬁc
and sensitive. It detected T. gondii DNA in liver and spleen of mice infected with RH strain. It also detected
as little as 10 pg T. gondii DNA and 104 tachyzoites in spiked human body ﬂuids. It was 100% speciﬁc
when tested with other microorganisms and mouse muscle.a r t i c l e i n f o
Article history:
Received 2 January 2012
Received in revised form 31 March 2012
Accepted 11 April 2012
Available online 25 April 2012
Keywords:
Toxoplasma gondii
Triplex PCR
New primers
Body ﬂuids
Mouse organsa b s t r a c t
Molecular methods are used increasingly for the detection of Toxoplasma gondii infection. This study
developed a rapid, sensitive, and speciﬁc conventional triplex PCR for the detection of the B1 gene and
ITS1 region of T. gondii using newly designed primers and an internal control based on the Vibrio cholerae
HemM gene. The annealing temperature and concentrations of the primers, MgCl2, and dNTPs were opti-
mized. Two sets of primers (set 1 and 2) were tested, which contained different segments of the T. gondii
B1 gene, 529 repeat region and ITS1 region. A series of sensitivity tests were performed using parasite
DNA, whole parasites, and spiked human body ﬂuids. Speciﬁcity tests were performed using DNA from
common protozoa and bacteria. The newly developed assay based on set 2 primers was found to be spe-
ciﬁc and sensitive. The test was capable of detecting as little as 10 pg T. gondii DNA, 104 tachyzoites in
spiked body ﬂuids, and T. gondii DNA in the organ tissues of experimentally infected mice. The assay
developed in this study will be useful for the laboratory detection of T. gondii infection.
 2012 Elsevier Inc. Open access under CC BY-NC-ND license.1. Introduction IgM, IgA, IgG antibodies to Toxoplasma gondii in enzyme-linkedSerological tests are the primary method for the routine diagno-
sis of toxoplasmosis. Most tests rely on the detection of speciﬁcY-NC-ND license. 
matullah), kboonyin@yahoo.
).immunoassays (ELISAs). However, serological tests may fail to de-
tect speciﬁc anti-Toxoplasma antibodies during the early phase of
the infection because antibodies may not be produced until several
weeks of parasitemia have elapsed (Gross et al., 2000). Tests may
also fail to detect T. gondii infection in immunocompromised pa-
tients because IgG or IgM antibody titers might not increase in
these patients (Contini et al., 2006). The histological demonstration
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has been used successfully for detecting the presence of the para-
site in the central nervous system of AIDS patients (Montoya,
2002). However, this method requires high quality anti-sera, which
are not readily available to laboratories in developing countries.
The detection of T. gondii DNA and the parasite using molecular ap-
proaches is a useful laboratory tool for the detection of T. gondii,
particularly during early acute infections.
Loop-mediated isothermal ampliﬁcation (LAMP) was developed
recently for the detection of viral, bacterial, protozoan, and fungal
diseases. This method is simple and sensitive, and it does not re-
quire expensive equipment (Zhang et al., 2009). However, it is sus-
ceptible to false positives and not suitable for the detection of two
or more pathogens in a single reaction (Savan et al., 2005).
The more established PCR technique is a key procedure for
molecular diagnostics (Elnifro et al., 2000). A number of studies
have described and evaluated the use of PCR for T. gondii detection.
As with many in-house PCR techniques, however, the detection of
T. gondii using PCR-based techniques suffers from a lack of stan-
dardization with variable performance in different laboratories. In-
deed, there are many different approaches and the efﬁciency of the
reported assays is highly variable (Burg et al., 1989; Homan et al.,
2000; Montoya et al., 1999; Jones et al., 2003; Priya et al., 2003;
Meseck et al., 2005; Ajzenberg et al., 2005; Nagy et al., 2006;
Sreekumar et al., 2005; Kaiser et al., 2007; Nowakowska et al.,
2006; Ferreira et al., 2008). It is important to test several different
types of samples to demonstrate the efﬁciency and robustness of
an assay, which is lacking in most previous reports. The current
study aimed to develop a new rapid, speciﬁc, and sensitive triplex
PCR to detect T. gondii in biological samples.2. Materials and methods
2.1. Ethical statement
The use of human and animal specimens in this study was ap-
proved by the Human and Animal Research Ethics Committees,
Universiti Sains Malaysia. Experiments that involved the use of
animals were performed in a designated 24 h air-conditioned and
well-ventilated animal room with standard mice cages, according
to the national guidelines for animal care. Mice food pellets and
water were available ad libitum to the animals, and personnel were
assigned to ensure that animal bedding was changed regularly and
the room was kept clean at all times. All efforts were made to min-
imize the number of animals used and their suffering.
2.2. Primer design
The B1 gene, 529 region, and the ITS-1 region were used be-
cause, among the reported targets, they were repetitive sequences
that could detect T. gondii speciﬁcally, as demonstrated in previous
studies by ourselves and others. The primers were designed using
the Vector NTI 9.0 program, according to standard guidelines. A
primer pair that targeted the Vibrio cholerae HemM gene was used
as an internal control, as previously reported (Lalitha et al., 2008).
2.3. Mouse infection and preparation of genomic DNA from T. gondii
strains
2.3.1. T. gondii RH strain
Tachyzoites from the virulent T. gondii RH strain were main-
tained via serial intraperitoneal passaging in albino Swiss mice.
The tachyzoites harvested from the mouse peritoneal ﬂuid were
centrifuged at 500g (Eppendorf, Germany) for 1 min to remove cell
debris. The supernatant was then collected and centrifuged at8000g for 10 min. The parasite pellet was resuspended in PBS
and adjusted to 1  102 parasites mL1 of PBS using trypan blue
stain and a hemocytometer. The suspension (105 parasites per
0.5 mL) was then inoculated into fresh albino Swiss mice. At 3–
4 days post-infection, the parasites were harvested from mouse
peritoneal ﬂuid to be used for DNA extraction, for mouse inocula-
tion before collecting their organs, or for the maintenance of the
parasite.
2.3.2. T. gondii ME49 strain
T. gondii ME49 strain was purchased from the American Type
Culture Collection (ATCC, USA) and maintained in a human fore-
skin ﬁbroblast (HFF) monolayer in growth DMEM medium supple-
mented with 3% fetal bovine serum (FBS) and 1% antibiotics. The
tachyzoites were then harvested after host cell lysis. Brieﬂy, the
lysed culture medium was centrifuged at 500g for 1–2 min to pel-
let the dead host cells with other debris. The supernatant contain-
ing the tachyzoites was centrifuged at 1300g for 10 min to pellet
the tachyzoites. The pellet was then used for DNA extraction. Mice
were infected orally with this avirulent strain using a feeding nee-
dle, at a dose of 100 tachyzoites per mouse. The mice were eutha-
nized at three months post-infection, before selected organs were
removed and frozen at 20 C.
2.3.3. DNA extraction
The DNA was extracted from RH strain tachyzoites using a QIA-
amp DNA Mini Kit, according to the manufacturer’s instruction.
The DNA concentration and purity were measured using a Nano-
Photometer (Implen, Germany), while the integrity of the extracted
DNA was tested using an ethidium bromide-stained agarose gel.
DNA was used for the optimization of the PCR ampliﬁcation condi-
tions and it was stored at 20 C until use.
2.4. Optimization of the PCR ampliﬁcation conditions
The newly designed primers were used in PCRs to determine
their efﬁciency in amplifying the target regions. The Tm of the
primers was tested at 55 C to 64 C using standard PCR parame-
ters for the DNA, MgCl2, and dNTP concentrations. The standard
ampliﬁcation conditions were 1 ng of DNA, 2.5 mM MgCl2,
0.32 mM dNTP, and 10 lM primers. All of the primers were pooled
to perform multiplex PCR ampliﬁcation. The optimizations of the
triplex PCR ampliﬁcation conditions were conducted as follows:
(1) varying the concentration of each primer pair from 0.6 lM to
1.2 lM; (2) MgCl2 concentrations from 1.25 mM to 5.0 mM; and
(3) dNTP concentrations from 0.1 mM to 0.45 mM. Optimization
of Taq polymerase was not performed since we have previously ob-
tained consistent and good results with other PCR assays in our
laboratory using 0.45 U of the enzyme. The ﬁnal optimization of
the primer concentrations was performed after optimizing the con-
centrations of MgCl2 and dNTPs. PCR was performed with denatur-
ation at 94 C for 5 min, followed by 35 cycles of denaturation at
94 C for 30 s, annealing at 59 C for 30 s, and extension at 72 C
for 30 s. DNA was then extended further for another 7 min at
72 C. PCRs were conducted in triplicate. A plasmid (100 pg) con-
taining the V. cholerae HemM gene was included with each sample
PCR as a heterologous internal control, while a non-template con-
trol of water was included as the negative control. A sensitivity test
was conducted to determine the optimal DNA concentration. The
optimized PCR conditions were then used for all triplex PCRs per-
formed in this study. All the reagents used for PCR ampliﬁcation
were dispensed in small volumes to avoid contamination and
freeze-thawing, which would affect the efﬁciency of the PCR. The
PCR product from each primer pair was cloned, sequenced, and
analyzed using the online BLAST (Basic Local Alignment Search
Tool) program.
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Speciﬁcity testing was conducted using DNA frommouse muscle
and the followingorganisms:Helicobacter pylori, Entamoeba histolyti-
ca, Cryptosporidium parvum, Giardia lamblia, Strogyloides stercoralis,
Leptospira spp., Plasmodium falciparum, Staphylococcus aureus, Esche-
richia coli,Pseudomonasaeruginosa, andT. gondiiRHandME49strains.
2.6. Evaluation of sensitivity
Sensitivity evaluation was conducted to determine the limit of
detection (LoD) for the DNA and parasite levels. Serial dilutions
of T. gondii RH strain DNA were performed, ranging from 0.01 pg
to 10 ng, as well as tachyzoites from one parasite to 107 parasites.
Human samples of whole blood, CSF and amniotic ﬂuid were also
spiked with the isolated RH strain DNA, ranging from 0.01 pg to
10 ng, and with RH strain tachyzoites, ranging from one parasite
to 107 parasites. DNA isolation (as described in Section 2.3.3) was
then performed for each of the spiked samples.
2.7. Detection in experimentally infected animals
Twenty mice (10 albino Swiss mice and 10 C57 BL/6 mice) were
randomly assigned to either the control or experimental groups.
Each group comprised 10 mice (ﬁve albino Swiss mice and ﬁve
C57 BL/6 mice). The experimental group was inoculated with
either T. gondii RH strain or ME49 strain, whereas the control group
was inoculated with PBS. Organs, including the brain, liver, spleen,
heart, and kidney, were collected from mice infected with the RH
strain 3–4 days post-infection, whereas organs were collected
three months post-infection from mice infected with the avirulent
ME49 strain. The organs were collected aseptically, washed with
PBS to remove red blood cells, and placed in sterile 1.5 mL centri-
fuge tubes. The experimentally infected mice organs were then
used immediately for DNA extraction or stored at 80 C until
use. DNA was extracted by placing the whole organ in a sterile
mortar and pestle, where the organ was homogenized with 1
PBS. The mixture was then transferred to sterile 1.5 mL microcen-
trifuge tubes and centrifuged at 500g for 5 min to remove cell deb-
ris. The supernatant was then collected in a fresh sterile 1.5 mL
microcentrifuge tube and DNA extraction was performed as de-
scribed in Section 2.3.3.3. Results
3.1. Primer design and DNA extraction
Two sets of primers, set 1 and set 2, were designed for the
development of the conventional multiplex PCR (Tables 1a andTable 1a
Set 1 primer sequences used in development of the multiplex PCR.
Name Set 1
Sequence (50 ? 30)
B1F1a 855 GCA ATC GAT AGT TGA CCA CG 874
BIRIa 1156 CTG TAA TGT GAT ACT GTG CCA T 1177
B1F2a 1123 TGT CGC TAA GCC ATC GGA AG 1142
B1R2a 1851 GCG ACG TTC CAG TAC TCT C 1869
ITS-1Fb 155 AAT ATT GGA AGC CAG TGC AGG 175
ITS-1Rb 312 CAA TCT TTC ACT CTC TCT CAA 332
529Fc 155 CAG GCA AGC TCG CCT GTG 172
529Rc 381 GTC TCG TCT GGA TCG CAT TC 400
GenBank accession numbers:
a AF179871.
b AY259045.
c AF146527.1b). The primers were designed to speciﬁcally amplify partial re-
gions of the B1 gene (AF179871) and 529 repeat region
(AF146527) from the T. gondii RH strain. Meanwhile the common
primers, designed based on the ITS-1 region, shared homology with
most T. gondii strains, including RH, ME49, MAS, PGT, CTG, COU-
GAR, CN, SH, Zs, and QH (AY259045, AY2259044, AY143139,
AB255454, AJ628253, AJ628252, and AJ628251). The primers were
designed with a melting temperature (Tm) range of 60–66 C to en-
sure their equal efﬁciency in the multiplex reaction. The internal
control primer was an established primer set (Table 1c) that tar-
geted the V. cholerae HemM gene (Lalitha et al., 2008). This gene
was selected as the internal control because the annealing temper-
ature of the primer set was compatible with the annealing temper-
ature range of the primers used in this study. The size of the PCR
product of the HemM gene also did not overlap with the target
genes.
Two pairs of primers were designed for the B1 gene because the
sequence of this region was quite long (2214 bp). In contrast, only
one primer pair was designed for each set for the 529 bp repeat re-
gion and the ITS-1 region because these sequences were short. A
greater choice of primers allowed them to be mixed and matched
easily during the development of the multiplex assay. Four primer
pairs were designed for each set, but the goal was to choose only
the best two primer pairs that produced the most intense band
with a low concentration of primers and other PCR reagents. This
triplex assay used only three pairs of primers, so the ideal outcome
was that only three bands would be observed to avoid any confu-
sion. Thus, primers that produced a single band were preferred to
those that produced multiple bands. DNA extracted from the T.
gondii RH and ME49 strains had a high concentration
(0.91 lg lL1) and good purity (A260/A280 of 2.01). This was consis-
tent with the intense high molecular weight band observed for the
DNA by agarose gel electrophoresis (data not shown). However,
only DNA extracted from the RH strain was used for the optimiza-
tion. Tables 1a–1b show the expected size of each amplicon that
was ampliﬁed. PCR products with the expected sizes were ampli-
ﬁed in all cases, indicating that good quality DNA was extracted.
3.2. Optimization of the PCR conditions
Optimization of the annealing temperature was performed in a
temperature range of 55–64 C (based on the Tm of the primers). As
shown in Fig. 1a–d, all targets were ampliﬁed at 55 C, 59 C, 62 C,
and 64 C. However, annealing temperatures of 55 C, 62 C and
64 C produced poor or faint band intensities for some targets
when compared with an annealing temperature at 59 C, where
the ampliﬁcation of all targets produced clear bands with equal
intensities. Therefore, 59 C was selected as the optimal Tm for
the development of the multiplex PCR. Using the optimized
annealing temperature, each of the two sets of primers were com-Size (bp) Name of amplicon Tm (C)
323 B1F1R1-S1 60
62
747 B1F2R2-S1 62
60
178 ITS-1-S1 60
58
246 529-S1 60
62
Table 1b
Set 2 primer sequences used in development of the multiplex PCR.
Name Set 2
Sequence (50 ? 30) Size (bp) Name of amplicon Tm (C)
B1F1a 760 ATA GGT TGC AGT CAC TGA CG 779 321 B1F1R1-S2 60
BIRIa 1061 CTC CTC TTC GCG AAA CCT CA 1080 62
B1F2a 622 TCG CAG TAC ACC AGG AGT TG 641 651 B1F2R2-S2 62
B1R2a 1253 CAC TCC ATC TCT CGT CTT CT 1272 60
ITS1-Fb 1 ACA CGT CCT TAT TCT TTA TTA ACC A 25 234 ITS-1-S2 66
ITS1-Rb 214 ATC CCA ACA GAG ACA CGA ATT 234 60
529Fc 169 TGT GCT TGG AGC CAC AGA AG 188 182 529-S2 62
529Rc 332 GCA GCC AAG CCG GAA ACA T 350 60
GenBank accession numbers:
a AF179871.
b AY259045.
c AF146527.
Table 1c
Primer sequences of the internal control.
Name Sequence (50 ? 30) Size (bp) Tm (C)
VHMF TGG GAG CAG CGT CCA TTG TG 520 58–62
VHA-AS5 CAA TCA CAC CAA GTC ACT C
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multiplex assays. The B1F2R2 and 529 repeat region primers pro-
duced very poor ampliﬁcation for both sets of primers compared
with the B1F1R1 and ITS-1 primers (data not shown). Thus, the
B1F2R2 and 529 repeat region primers were excluded from the
multiplex reactions in both set 1 and set 2 assays. Triplex reactions
that contained the B1F1R1, ITS-1, and internal control primers
were then subjected to PCR condition optimization. Three param-
eters were optimized, the concentrations of the primers, MgCl2,
and dNTPs. During the optimization of the primer concentration,
0.6–1.2 lM were used for the set 1 and set 2 primers in separate
triplex PCRs. The target regions were ampliﬁed with all primer
concentrations to produce various band intensities, although
non-speciﬁc higher molecular bands were observed with primer
concentrations of 1.0 lM and 0.6 lM. The ﬁnal optimization of
the primer concentration (0.2–0.6 lM) was performed after opti-
mizing the concentrations of MgCl2 and dNTPs.
Triplex PCR was then performed to determine the effects of var-
ious MgCl2 concentrations, i.e., 1.25 mM, 3.75 mM, and 5.0 mM.
The optimized Tm of 59 C was used for all primers, while standard
parameters were used for the concentration of the DNA and dNTPs.
The ampliﬁcation of the ITS-1 target region and the internal control
were inhibited at 1.25 mM MgCl2 when using both primer sets. All
target regions were ampliﬁed using set 1 and set 2 primers in both
triplex PCRs with MgCl2 concentrations of 3.75 mM and 5.0 mM,
which produced similarly clear intense bands. A lower concentra-
tion of MgCl2 is always preferable, so 3.75 mM of MgCl2 was used
in subsequent experiments. dNTP concentrations of 0.1 mM,
0.25 mM, and 0.45 mM were tested. The MgCl2 concentration
was kept constant at 3.75 mM, while 59 C was used as the Tm
for all primers. All of the target regions were ampliﬁed successfully
using the set 1 and set 2 primers, although variable band intensi-
ties were produced. The dNTP concentration was further optimized
in a subsequent step. The MgCl2 concentration was kept constant
at 3.75 mM, while the concentrations of dNTPs (0.13–0.16 mM)
and primers (0.2–0.6 lM) were varied (some data not shown).
Fig. 2 shows a comparison of the set 1 and set 2 primers with var-
ious concentrations of primers and dNTPs. Lane 1 (dNTPs:
0.16 mM, B1F1R1: 0.4 lM, ITS-1: 0.4 lM) and Lane 2 (dNTPs:
0.13 mM, B1F1R1: 0.4 lM, ITS-1: 0.4 lM) used set 2 primers and
they produced stronger band intensities compared with the set 1
primers in Lane 3 (dNTPs: 0.16 mM, B1F1R1: 0.2 lM, ITS-1:0.4 lM) and Lane 4 (dNTPs: 0.13 mM, B1F1R1: 0.2 lM, ITS-1:
0.4 lM). These conditions were particularly useful for the ampliﬁ-
cation of the ITS-1 primers. Therefore, set 2 primers with a concen-
tration of 0.4 lM for each primer and 0.16 mM dNTP (Lane 1) were
selected as the optimized primer and dNTP concentrations, which
were used in subsequent experiments.3.3. Speciﬁcity and sensitivity testing with set 2 primers
The PCR showed no cross-reactivity with all organisms tested
(data not shown). The assay also demonstrated that there was no
cross-reactivity with the DNA extracted frommouse muscle. As po-
sitive controls, the DNA extracted from RH and ME49 strains of T.
gondii was ampliﬁed successfully. Specimens were not available
from patients with toxoplasmosis to determine the limit of detec-
tion (LoD). Therefore, known negative specimens were spiked with
extracted DNA or whole parasites from the T. gondii RH strain. Hu-
man blood, cerebrospinal ﬂuid (CSF), and amniotic ﬂuid (AF) from
healthy individuals were used for spiking. The LoD determination
was evaluated initially using T. gondii DNA and whole organisms
to ensure that no inhibition was caused by the spiked specimens.
Serially diluted T. gondii DNA (from 0.1 pg to 10 ng) and whole par-
asites (from 100 to 107) were ampliﬁed in the presence and absence
of internal controls. Fig. 3 shows that all target regions were ampli-
ﬁed successfully using set 2 primers, although the inhibition of
internal control ampliﬁcation was observed with a high concentra-
tion of target DNA. The LoD without an internal control was 1 pg
(Fig. 3a), while that with an internal control was 10 pg (Fig. 3b).
Fig. 3c shows that the LoD for whole organisms was 104 parasites.
The purpose of evaluation tests with human body ﬂuids spiked
with extracted DNA and whole T. gondii parasites was mainly to en-
sure the effectiveness of detectionwith the optimizedPCR conditions
and set 2 primers. The results also show that the triplex PCR has the
potential to be used for T. gondii detection in human clinical speci-
mens. The DNA concentrations, parasite spiking of body ﬂuids, and
triplex PCR ampliﬁcations were performed using the same method,
as described above. All of these steps (DNA extraction using serially
diluted T. gondiiDNAandwhole parasites, followedbyPCRampliﬁca-
tion) were repeated three times to evaluate the reproducibility. All
three bandswere ampliﬁed clearlywhen using body ﬂuid specimens
spikedwith at least 10 pg of DNA and at least 104 parasites (Fig. 4), so
these levels were considered as the LoDs for the assay.3.4. Detection of T. gondii DNA in organ tissues from experimentally
infected mice
Triplex PCR detection was then evaluated using the DNA ex-
tracted from the organs (brain, liver, heart, kidney, and spleen)
Fig. 1. Agarose gel electrophoresis of PCR products ampliﬁed using two sets of primers and DNA of T. gondii RH strain, at different annealing temperature. The annealing
temperatures were (a) 55 C, (b) 59 C, (c) 62 C and (D) 64 C. Lane 1: 100 bp DNA ladder, Lane 2: Internal control, Lane 3: Negative control (water), Lanes 4–7: PCR products
ampliﬁed using set 1 primers, Lanes 8–11: PCR products ampliﬁed using set 2 primers.
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post-infection for the RH and ME49 strains, respectively. Before
proceeding with PCR ampliﬁcation, the successful infection of
mice with the RH strain was conﬁrmed by observing tachyzoites
in peritoneal ﬂuid using a light microscope. For mice infected
with the ME49 strain, half of the brain of each infected mouse
was squashed between two slides and examined under the
microscope. T. gondii cysts were observed in each case. The other
half of the infected brain was inoculated into a human ﬁbroblast
cell monolayer supplemented with DMEM, 3% FBS, and 1% pen-
icillin–streptomycin. After 21 days of culture, the host cells were
seen to be lysed, while T. gondii tachyzoites were released.
The extracted DNA samples were then subjected to triplex PCR
ampliﬁcation using set 2 primers with the optimized triplex PCR
condition, as described above. The results demonstrated the effec-
tiveness of the novel triplex PCR for detecting RH andME49 T. gondii
strains in the organs of experimentally infected animals. DNA from
the RH strain was detected in the liver and spleen of infected mice
but not in the brain, heart and kidney (data not shown). The absence
of ampliﬁcation from the brain, heart, and kidney may indicate the
scarcity or absence of the parasite in these organs. The RH T. gondiistrain is virulent in mice, so there may have been insufﬁcient time
for the multiplication of parasites in these organs before the death
of the mice. However, ampliﬁcation was not detected in any of the
organ tissues from mice infected with the ME49 T. gondii strain
(data not shown), which is avirulent in mice and causes chronic
infection. Thus, the infection intensity in the organs of the mice
may have been below the detection limit for the assay, producing
negative results in the triplex PCR. A microscopic examination of
the squashed half of the brain indicated the presence of less than
10 cysts. As mentioned above, the cell culture inoculation also re-
quired 21 days (usually 7 days) before it released tachyzoites. This
indicated that the number of parasites in the organs of the infected
animals was probably very low, which would be expected to be
below the detection level of conventional PCR.
PCR amplicons were cloned and submitted for sequencing to
conﬁrm that the set 2 primers ampliﬁed the correct targets. The re-
sults showed (data not shown) that the ampliﬁed PCR products
using the B1 gene and ITS-1 gene primers had 99% similarity to
the original T. gondii sequences, validating that the newly designed
primers used in this conventional PCR ampliﬁed the T. gondii se-
quences correctly.
Fig. 2. Agarose gel electrophoresis of triplex PCR products ampliﬁed from RH strain
DNA. Lane M: 100 bp DNA ladder; Lane N: Negative control (water), multiplex PCR
products ampliﬁed using Lane 1: 3.75 mM of MgCl2, 0.16 mM of dNTPs, 0.4 lM of
primers, Lane 2: 3.75 mM of MgCl2, 0.13 mM of dNTPs, 0.4 lM of primers, Lane 3:
3.75 mM of MgCl2, 0.16 mM of dNTPs, 0.2 lM of primers, Lane 4: 3.75 mM of MgCl2,
0.13 mM of dNTPs, 0.2 lM of primers.
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A number of reports have been published on the development
of PCR for the detection of T. gondii. However, there is considerable
variation in terms of the types of assays and their efﬁciency. In the
earliest published example, Burg et al. (1989) described a PCR-
based assay that targeted the B1 gene in CSF from patients with
toxoplasmic encephalitis, which could amplify and detect 10 para-
sites in the presence of 100,000 human leukocytes. However
Kompalic-Cristo et al. (2004) reported that the primers used byFig. 3. Agarose gel electrophoresis analysis of triplex PCR products ampliﬁed from DNA a
2 primers and optimized PCR condition. Lane M: 100 bp DNA ladder, Lane N: Negative c
internal control. (b) Lanes 1–6: T. gondii DNA ampliﬁed from 10 ng to 0.1 pg with inter
internal control.Burg et al. (1989) may co-amplify human DNA. Homan et al.
(2000) reported a quantitative and competitive PCR with a detec-
tion limit in the range of 102–104 tachyzoites and 1000–3000 tis-
sue cysts using a 529 bp DNA fragment. Analysis was conducted
with tissues, including the brain, from chronically infected mice.
In addition, Jones et al. (2003) described the nested PCR ampliﬁca-
tion of three T. gondii genes [P30 (SAG-1), B1 and 18S rDNA] in the
aqueous humor, where after two rounds of PCR ampliﬁcations, the
P30 and ribosomal primers were only able to detect 1 pg of T. gon-
dii DNA, whereas the B1 gene primer was able to detect 50 fg of
DNA. Nested PCR is more sensitive than conventional PCR but is
not preferred for routine diagnosis because it requires two PCR
ampliﬁcation steps. This makes it more labor-intensive and expen-
sive, with a higher risk of contamination, while it is also more
time-consuming because the results require a minimum of 8 h
(Calderaro et al., 2006). Conventional PCR has sufﬁcient sensitivity
to detect T. gondii DNA in a variety of specimens. Recently, Nagy
et al. (2006) reported a molecular diagnostic study on amniotic
ﬂuid samples using primers based on the B1 gene. The samples
were derived from 64 pregnant women at 15–34 weeks of gesta-
tion, and they were used to compare four different methods for
detecting T. gondii DNA. The results showed that the detection limit
of conventional PCR and qPCR was 1000 parasites, which is one
fold greater than the detection limit of the current study. However,
they did not test other types of samples and did not explain why
the detection limit of the more sensitive qPCR was the same as
the conventional PCR.
From another perspective, the variations observed in reported
PCR-based assays for T. gondii DNA detection support the sugges-
tion by Bastien et al. (2008) that PCR is not simply one technique
and instead it is a method that encompasses a number of tech-
niques where the outcome depends on various factors, such as
the physicochemical conditions of the reactions, the concentration
and nature of the microorganism DNA target, and the selected PCRnd whole parasite of RH strain T. gondii. The multiplex PCR was carried out using set
ontrol (water). (a) Lanes 1–6: T. gondii DNA ampliﬁed from 10 ng to 0.1 pg without
nal control. (c) Lanes 1–7: T. gondii whole parasite ampliﬁed from 107 to 100 with
Fig. 4. Agarose gel electrophoresis analysis of triplex PCR products ampliﬁed using (A) blood, (B) cerebral spinal ﬂuid and (C) amniotic ﬂuid spiked with (i) RH strain DNA and
(ii) whole parasite. The multiplex PCR was carried out using set 2 primers and optimized PCR condition. Lane M: 100 bp DNA ladder, Lane N: Negative control, Lanes 1–7:
multiplex PCR products produced using RH strain DNA from 0.01 pg to 10 ng. Lane 1–8: multiplex PCR products produced using whole parasite of T. gondii from 1 to 107
parasites.
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ditions differed among researchers in terms of the annealing tem-
perature and the reaction mixture composition, i.e., the
concentrations of MgCl2, dNTPs, Taq polymerases, primers and
templates. These factors can all inﬂuence the reaction conditions
and the sensitivity. For example, the LoD in the current study
was 10 pg for DNA and 104 parasites for whole organisms. How-
ever, other researchers have reported LoDs of 10 fg and 102–103
parasites, while their PCR type and/or conditions were different
from those used in the current study (Burg et al., 1989; Homan
et al., 2000). A further example is the use of 0.75 U Taq DNA poly-
merase in this study, whereas Nagy et al. (2006) used 0.15 U of the
more expensive AmpliTaq Gold polymerase. This shows that the
type of DNA polymerase can also inﬂuence the assay sensitivity.
The reaction volume inﬂuences the sensitivity of the assay and
the volume in this study was 20 lL, whereas the reaction volumes
used by Nagy et al. (2006) and Burg et al. (1989) were 25 lL and
100 lL, respectively. A larger reaction volume demands a higher
volume of template and master mix, which increases the assay
sensitivity. A larger reaction volume can also dilute out any traces
of inhibitory substances that may be present in the DNA template
(Bastien et al., 2008). However, a higher reaction volume increases
the cost of the assay.The total amount of DNA template preparation, including DNA
from the pathogen or its host, will also vary among samples in
routine practice. This directly inﬂuences the mode of action of
dNTPs, the free Mg ion in the reaction mix, and the enzymatic
activity of the DNA polymerase. Most of the reported PCR-based
T. gondii detection assays have been developed by testing only
one type of sample, such as amniotic ﬂuid. In contrast, the triplex
assay developed in the current study was evaluated using three
types of body ﬂuids and DNA extracted from the organs of ani-
mals infected with T. gondii. Our assay also included an internal
control to monitor the quality and efﬁciency of the ampliﬁcation.
The sensitivity test performed at the DNA and parasite level
indicated consistent results with a detection limit of 10 pg at
the DNA level and 104 organisms at the parasite level with all
sample types.
In conclusion, the conventional PCR developed in this study
provides a sensitive and speciﬁc DNA ampliﬁcation method with
a regular thermocycler, while it has a minimum handling time.
These advantages make it suitable for the routine detection of T.
gondii, particularly in developing countries. It could also be devel-
oped further into a thermostabilized PCR kit, which would make it
useful in laboratories with limited molecular biology facilities or
skilled personnel.
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